TITLE OF THE INVENTION 

RADIO SET 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2000-365518, filed November 30, 2000, 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a radio set that can be 
used for various mobile communication systems including 
mobile telephone systems. 

2. Description of the Related Art 

FIG. 9 of the accompanying drawings schematically 
illustrates the positional relationship between the 
antenna 100 and the circuit substrate 200 of a typical 
known mobile phone set that can be used for various 
mobile communication systems including mobile telephone 
systems . 

More specifically, FIG. 9 shows a radio set 
comprising an antenna 100 which is a 1/2 monopole 
antenna capacitively coupled to the radio circuit on 
the circuit substrate 200 by way of a capacitor 110 
and powered by the circuit. 

Such a radio set provides a radiation pattern 
shown in FIG. 10, as viewed in a direction 
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perpendicular to the axis of the antenna 100, the front 
end of the antenna 100 being in the direction of 0°. 

By comparing FIGS. 9 and 10, it will be 
appreciated that the axis running through 0° and ±180° 
5 and the one running through -90° and +90° in FIG. 10 

respectively correspond to the x-axis and the y-axis in 
FIG. 10. 

As seen from the radiation pattern, the radiation 
pattern of the known radio set involves null 

10 directions. In the case of FIG. 10, the directions of 

120° and -120° are null directions. 

The electric current II generated in the antenna 
100 and the electric currents 12 and 13 generated in 
the circuit substrate 200 are responsible for the 

15 nulls. The arrows indicating the respective electric 

currents in FIG. 9 also show the phase relationships 
among the electric currents. 

The phase of the electric current II generated in 
the antenna 100 and that of the electric current 13 

20 generated in the circuit substrate 200 are inverted 

relative to each other so that the desired electric 
wave radiation by the electric current II and the 
electric wave radiation by the electric current 13 
offset each other to produce the nulls. 

25 Such nulls reduce both the signal reception level 

and the quality of the received signals to make it 
difficult to maintain the intended quality level for 
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the received signals. 

Most conventional radio sets generates a radiation 
pattern having nulls. Their reception levels fall, 
depending on the direction in which the target radio 
5 waves are coming. Due to the low reception levels, 

the conventional radio sets cannot have desired signal- 
receiving characteristics. 

BRIEF SUMMARY OF THE INVENTION 
A radio set according to an aspect of the 
10 invention comprises: 

an antenna for transmitting radio signals and 
receiving radio signals; 

a circuit substrate comprising a radio circuit 
for transmitting and receiving radio signals; and 
15 a plurality of ground patterns provided on the 

circuit substrate, 

the ground patterns being electrically connected 
by connection means, so as to generate electric 
currents which have the same phase as an electric 
2 0 current generated in the antenna, 

the connection means being arranged to cause 
an electric current to flow, which has a phase opposite 
to the phase of the electric current generated in the 
antenna. 

25 With a radio set according to the invention and 

having the above described configuration, as pointed 
out above, a plurality of ground patterns are arranged 
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on the circuit substrate and connected to one another 
by connection means so as to generate an electric 
current with a phase the same as that of the electric 
current generated in the antenna, and the connection 
5 means are arranged so as to cause an electric current 

to flow with a phase inverted relative to that of 
the electric current generated in the antenna. 

A radio set according to an aspect of the 
invention comprises: 
10 an antenna for transmitting radio signals and 

gS receiving radio signals; and 

a circuit substrate comprising a ground pattern 
and a radio circuit for transmitting and receiving 
radio signals; 

15 the ground pattern having a notch at a position 

where an electric current having a phase opposite to 
the phase of the electric current generated in the 
antenna is likely to be generated, the notch extending 
perpendicularly to the direction in which the electric 
20 current generated in the antenna flows, so as not to 

generate an electric current having a phase opposite 
to the phase of the electric current generated in the 
antenna . 

As pointed out above, with a radio set according 
25 to the invention and having the above described 

configuration, the ground pattern of the circuit 
substrate is provided at a position apt to generate 



an electric current with a phase inverted relative to 
that of the electric current generated in the antenna 
with a notch directed perpendicularly relative to the 
direction of the flow of the electric current generated 
in the antenna so as not to generate an electric 
current with a phase inverted relative to that of 
the electric current generated in the antenna. 

A radio set according to an aspect of the 
invention comprises: 

an antenna for transmitting radio signals and 
receiving radio signals; and 

a circuit substrate comprising a ground pattern 
and a radio circuit for transmitting and receiving 
radio signals; 

the ground pattern having a projection at 
a position where an electric current having a phase 
opposite to the phase of the electric current generated 
in the antenna is likely to be generated, the 
projection extending perpendicularly to the direction 
in which the electric current generated in the antenna 
flows, so as not to generate an electric current having 
a phase opposite to the phase of the electric current 
generated in the antenna. 

As pointed out above, with a radio set according 
to the invention and having the above described 
configuration, the ground pattern of the circuit 
substrate is provided at a position apt to generate 
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an electric current with a phase inverted relative to 
that of the electric current generated in the antenna 
with a projection directed perpendicularly relative 
to the direction of the flow of the electric current 
5 generated in the antenna so as not to generate an 

electric current with a phase inverted relative to 
that of the electric current generated in the antenna. 

A radio set according to an aspect of the 
invention comprises: 
10 an antenna for transmitting radio signals and 

receiving radio signals; 

a circuit substrate comprising a radio circuit for 
transmitting and receiving radio signals; 

a first ground pattern provided on the circuit 
15 substrate; 

a second ground pattern provided on the circuit 
substrate; and 

connection means for electrically connecting the 
first and second ground patterns, so as to make that 
20 electric currents flowing through the first and second 

ground patterns have the same phase as the electric 
current generated in the antenna. 

With a radio set according to the invention and 
having the above described configuration, the first 
25 ground pattern and the second ground pattern are 

electrically connected to each other by connection 
means so as to make both the phase of the electric 
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current flowing through the first ground pattern and 
that of the electric current flowing through the second 
ground pattern the same as that of the phase of the 
electric current generated in the antenna. 
5 Additional objects and advantages of the invention 

will be set forth in the description which follows, and 
in part will be obvious from the description, or may 
be learned by practice of the invention. The objects 
and advantages of the invention may be realized and 

10 obtained by means of the instrumentalities and 

combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 

15 illustrate embodiments of the invention, and together 

with the general description given above and the 
detailed description of the embodiments given below, 
serve to explain the principles of the invention. 

FIG. 1 is a schematic circuit block diagram of 

20 the first embodiment of a radio set according to the 

invention; 

FIG. 2 is a schematic illustration of the 
radiation pattern of the antenna of the radio set of 
FIG. 1; 

25 FIG. 3 is a schematic circuit block diagram of 

the second embodiment of a radio set according to the 
invention; 
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FIG. 4 is a schematic circuit block diagram of 
an embodiment of a radio set according to the invention 
obtained by modifying the embodiment of FIG. 3 and 
substantially as effective as the embodiment of FIG. 3; 
5 FIG. 5 is a schematic circuit block diagram of 

another embodiment of a radio set according to the 
invention also obtained by modifying the embodiment of 
FIG. 3 and substantially as effective as the embodiment 
of FIG. 3; 

10 FIG. 6 is a schematic circuit block diagram of 

the third embodiment of radio set according to the 
invention; 

FIG. 7 is a schematic circuit block diagram of 
an embodiment of a radio set according to the invention 
15 obtained by modifying the embodiment of FIG. 6 and 

substantially as effective as the embodiment of FIG. 6; 

FIG. 8 is a schematic circuit block diagram of 
another embodiment of a radio set according to the 
invention also obtained by modifying the embodiment of 
20 FIG. 6 and substantially as effective as the embodiment 

of FIG. 6; 

FIG. 9 is a schematic circuit block diagram of 
a known radio set; and 

FIG. 10 is a schematic illustration of the 
25 radiation pattern of the antenna of the radio set of 

FIG. 9. 
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DETAILED DESCRIPTION OF THE INVENTION 
Now, the present invention will be described 
in greater detail by referring to the accompanying 
drawings that illustrate preferred embodiments of 
5 the invention. 

FIG. 1 is a schematic circuit block diagram of 
the first embodiment of the radio set according to the 
^ invention. In FIG. 1, the components the same as those 

=U of the known radio set of FIG. 9 are denoted respec- 

ij! 10 tively by the same reference symbols. The embodiment 

0- will be described in terms of the configuration that 

affects the radio wave radiation pattern, 
ft! The radio set of FIG. 1 comprises an antenna 100 

O which is a X/2 monopole antenna capacitively coupled 

Ls. 

15 to the radio circuit on a circuit substrate 201 by way 

of a capacitor 110 and powered by the circuit. 

A ground pattern 2 011 is formed on the circuit 
substrate 201 in a region of about X/2 at the side of 
the antenna 100 as viewed in the axial direction of the 

20 antenna 100, and another ground pattern 2012 is formed 

in the remaining region of about X/2 and electrically 
connected to the ground pattern 2011 by way of an 
inductor 3 01. 

Note that X denotes the wavelength at the 

25 operating frequency of the circuit substrate 201. 

The inductance of the inductor 301 is so selected 
that the phase of the electric current flowing between 



the ground pattern 2011 and the ground pattern 2012 
is advanced by 180° at the operating freguency. 

With the above described arrangement, both the 
phase of the electric current 112 generated in the 
ground pattern 2011 and that of the electric current 
114 generated in the ground pattern 2012 are the same 
as that of the electric current 111 generated in the 
antenna 100 and hence only the electric current 113 
flowing through the inductor 301 shows a phase inverted 
relative to that of the electric current 111. 

Thus, in the radio set having the above described 
configuration, an inductor 301 is arranged between the 
two ground patterns 2011, 2012 on the circuit substrate 
201 in such a way that the phase of the electric 
current flowing between the ground patterns 2011, 2012 
is inverted, or advanced by 180°, and the length of 
the route through which the electric current 113 whose 
phase is inverted relative to that of the electric 
current 111 flows is minimized. 

Therefore, the route in which the current 113 
opposite in phase to the current 111 flows is short in 
the radio set described above. The component of the 
current 111, which offsets the radio-wave radiation, 
decreases, reducing the nulls in the radiation pattern 
as shown in FIG. 2. Thanks to the reduction of nulls, 
the radio set can exhibit good signal-receiving 
characteristics . 



The present invention is by no means limited to 
the above described embodiment. For example, while 
an inductor 301 is arranged in the above embodiment for 
the purpose of phase inversion, the inductor 301 may be 
replaced by a capacitor for phase inversion. 

Now, the second embodiment of radio set according 
to the invention will be described. FIG. 3 is 
a schematic circuit block diagram of the second 
embodiment . 

In FIG. 3, the components the same as those of the 
known radio set of FIG. 9 are denoted respectively by 
the same reference symbols. The embodiment will be 
described in terms of the configuration that affects 
the radio wave radiation pattern. 

The radio set of FIG. 3 comprises an antenna 100 
which is a 1/2 monopole antenna capacitively coupled 
to the radio circuit on a circuit substrate 202 by way 
of a capacitor 110 and powered by the circuit. 

A ground pattern 2021 having a notch 2022 directed 
perpendicularly relative to the axial direction of the 
antenna 100 is formed on the circuit substrate 202. 

Note that the notch 2022 is formed at the position 
302 separated by a distance of X/2 from both of the 
opposite ends of the ground pattern 2 021 as viewed in 
the axial direction of the antenna 100. 

Also note that X denotes the wavelength at the 
operating frequency of the circuit substrate 202. 
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With the above described arrangement, both the 
phase of the electric current 122 generated in a region 
of the ground pattern located close to the antenna 100 
relative to the notch 2022 and that of the electric 
current 125 generated in a region of the ground 
pattern remote from the antenna 100 relative to the 
notch 2022 are the same as that of the electric current 
121 generated in the antenna 100 and the electric 
currents 123, 124 that flow along the notch 2022 are 
directed perpendicularly relative to the axis of the 
antenna 100. 

Thus, in the radio set having the above described 
configuration, the circuit substrate 202 is provided 
with a notch 2022 at the position 302 equally dividing 
the circuit substrate 202 into two parts showing 
a length of X /2 in order to prevent any electric 
current showing a phase inverted relative to that of 
the electric current II from being generated. 

No current that is opposite in phase to the 
current II is generated in the radio set so constructed 
as described above. This reduces the number of nulls 
in the radiation pattern. As a result, the radio set 
has desirable signal-receiving characteristics. 

The present invention is by no means limited to 
the above described embodiment. For example, while 
the notch formed in the circuit substrate 2 02 may be 
replaced by a pair of notches as shown in FIG. 4, or 



a notch as shown in FIG. 5, to provide a similar effect 
of preventing any electric current showing a phase 
inverted relative to that of the electric current II 
from being generated. 

Now, the third embodiment of a radio set according 
to the invention will be described. FIG. 6 is 
a schematic circuit block diagram of the second 
embodiment . 

In FIG. 6, the components the same as those of the 
known radio set of FIG. 9 are denoted respectively by 
the same reference symbols. The embodiment will be 
described in terms of the configuration that affects 
the radio wave radiation pattern. 

The radio set of FIG. 6 comprises an antenna 100 
which is a 1/2 monopole antenna capacitively coupled 
to the radio circuit on a circuit substrate 203 by way 
of a capacitor 110 and powered by the circuit. 

A ground pattern 2031 having a projection 2032 
directed perpendicularly relative to the axial 
direction of the antenna 100 is formed on the circuit 
substrate 203. 

Note that the projection 2032 is formed at the 
position 303 separated by a distance of 1/2 from both 
of the opposite ends of the ground pattern 2031 as 
viewed in the axial direction of the antenna 100. 

Also note that X denotes the wavelength at the 
operating freguency of the circuit substrate 203. 



With the above described arrangement, both the 
phase of the electric current 123 generated in a region 
of the ground pattern located close to the antenna 
100 relative to the projection 2032 and that of the 
electric current 135 generated in a region of the 
ground pattern remote from the antenna 100 relative 
to the projection 2032 are the same as that of the 
electric current 131 generated in the antenna 100 and 
the electric currents 133, 134 that flow along the 
projection 2032 are directed perpendicularly relative 
to the axis of the antenna 100. 

Thus, in the radio set having the above described 
configuration, the circuit substrate 202 is provided 
with a projection 2032 at the position 303 equally 
dividing the circuit substrate 202 into two parts 
showing a length of 1/2 in order to prevent any 
electric current showing a phase inverted relative to 
that of the electric current II from being generated. 

No current that is opposite in phase to the 
current II is generated in the radio set so constructed 
as described above. This reduces the number of nulls 
in the radiation pattern. As a result, the radio set 
acquires good signal-receiving characteristics. 

The present invention is by no means limited to 
the above described embodiment. For example, while 
the projection formed in the circuit substrate 203 may 
be folded onto the circuit substrate 203 as shown in 
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FIG. 7 or replaced by a pair of projections as shown 
in FIG . 8 that may or may not be folded onto the 
circuit substrate 203, so long as such a projection or 
projections can provide a similar effect of preventing 
5 any electric current showing a phase inverted relative 

to that of the electric current II from being 
generated. 

The present invention is not limited to the above 
described embodiments. 

10 For example, while the notch 2022 and the 

projection 2032 of the above described embodiments are 
made to extend in a direction perpendicular to the axis 
of the antenna 100, they may not be arranged strictly 
in a perpendicular direction to the axis of the antenna 

15 100 so long as they provide a similar effect. 

Furthermore, the above described embodiments may 
be modified and/or altered appropriately without 
departing from the scope of the present invention. 
Additional advantages and modifications will 

20 readily occur to those skilled in the art. Therefore, 

the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 

25 spirit or scope of the general inventive concept as 

defined by the appended claims and their equivalents. 



